were considered key to the strengthening of these muscles.
the large degree of motion necessary to position the hand in space, while rotator cuff action is crucial to dynamic glenohumeral stability. Inman et al.9 described the importance of force coupling between the deltoid and rotator cuff, noting their synergistic actions during arm abduction. The shear forces across the joint resulting from the upward pull of the deltoids are balanced by the synchronous firing of the cuff, allowing efficient elevation of the arm. DeLuca and Forrest' provided further insight to the deltoid-supraspinatus interaction by publishing a quantitative description of moments and instant centers from shoulder radiographs in 1973. In a recent work, Bassett et al.~ used a computer-assisted, gross muscle, cross-section analysis to provide a three-dimensional model to calculate moments and vector forces of the shoulder musculature. Sahall grouped the muscles acting across the glenohumeral joint into three functional categories on an anatomical basis. He believed that the &dquo;prime movers,&dquo; consisting of the deltoid and clavicular head of the pectoralis major, had the large mechanical advantage, while the &dquo;steering muscles,&dquo; including the supraspinatus, subscapularis, and infraspinatus, were responsible for maintaining the humeral head in the glenoid. The The muscle activity generated was synchronized to the subject's motion using a 16 mm high-speed motion picture camera operating at 50 frames per second. Marks were electronically placed on the film and EMG data to allow for synchronization. All of the exercises, except the press-up, were divided into 30° arcs of concentric and eccentric motion with an isometric contraction at the top of the range. The press-up was divided into seven arcs, reflecting the first two halves of the upward motion, the three seconds of holding the motion, and the two halves of the downward motion.
The EMG activity was averaged for each arc and expressed as a % MMT. Each subject thus generated a number, rep- Once the data were collected, outliers were evaluated to determine the validity of the signal (i.e., noise, interference, poor signal). If it was an invalid signal, the data were deleted. The data from all 15 subjects were used to calculate the means and standard deviations of activity generated by each muscle during each arc of each exercise.
Both intensity and duration were thought to be important factors in evaluating the exercises. An exercise was considered to qualify as a significant challenge for a particular muscle if the EMG activity generated was greater than 50% MMT over at least three consecutive arcs of motion for that muscle. The amount of time the exercise met the qualifying criterion (i.e., the number of arcs) was called the duration and was expressed as a percent of the exercise. The one arc with the greatest activity was called the peak, and the exercise ranked according to this peak value. The only exception was the subscapularis for which no exercise qualified under this criterion. Therefore, two consecutive arcs exceeding 50% MMT, and three arcs over 40% were used.
RESULTS
The anterior deltoid had five exercises that met the criterion. plane (scaption) with the arm internally rotated. This had a peak activity of 72% MMT at the fourth concentric arc and a duration of 50%. The next highest qualifiers were scaption in external rotation, and flexion both with peak activities in the fourth concentric arcs of 71% and 69%
MMT, respectively, and durations of 30% and 31 % . Military press and abduction both had peaks of 62% MMT in the second and fourth concentric arcs, respectively, and durations of 50% and 31% (Table 1) . Scaption in internal rotation was also the top exercise for the middle deltoid, with a peak of 83% MMT during the fourth concentric arc and a duration of 70%. Horizontal abduction in internal rotation, horizontal abduction in ex- ternal rotation, and flexion were next highest with peak activities in the fourth concentric arcs of 80%, 79%, and 73% MMT, and durations of 38%, 57%, and 31%, respectively. Scaption in external rotation, rowing, and military press all had peaks of 72% MMT in the fourth concentric arc, and durations of 58%, 43%, and 38%, respectively.
Abduction had 64% MMT in the fourth concentric arc and a duration of 31 % . Deceleration had a 58% peak MMT in the third concentric arc of motion and a 27% duration ( Table  1) .
The leading exercises for the posterior deltoid were horizontal abduction both with the arm in internal (peak of 93% MMT) and external rotation (peak of 92% MMT) during the fourth concentric arc and durations of 63% and 57%, respectively. Rowing was third with a peak of 88% MMT in the fourth concentric arc and a duration of 57%. External rotation displayed a peak of 64% MMT at the third concentric arc and a 43% duration. A peak activity of 63% MMT Figure 11 . Bench press. in the third concentric arc was noted in deceleration, having a duration of 27% (Table 1) .
The supraspinatus had four exercises that met the criterion. The top exercise was military press, which had a peak activity of 80% MMT at the first concentric arc and duration of 50%. Scaption with internal rotation was second with a peak value of 74% MMT at the fourth concentric arc and a duration of 40%. Flexion had a peak at the fourth concentric arc of 67% MMT and a duration of 31%. Scaption with external rotation had a peak of 64% MMT and duration of 25% ( Table 1) .
The subscapularis had no exercises meeting the initial criterion. Therefore, the qualifying criterion was decreased to two arcs of motion over 50% MMT. At this level only one exercise, scaption with internal rotation, qualified. The (Table 1) .
The press-up and push-up with hands apart both qualified for the pectoralis major with peak arcs of 84% and 64% MMT. The durations were 75% and 50%, respectively (Table 1) .
The press-up was the only exercise to meet the criterion for the latissimus dorsi. This had 55% peak activity during the 1st second of isometric contraction and a duration of 50% (Table 1) .
Internal rotation, bench press, and horizontal adduction did not meet the qualifying criterion for any of the muscles tested. which was more active in horizontal abduction, extension, and external rotation.
Of the four exercises meeting the criterion for the supraspinatus (military press, both scaption maneuvers, and flexion), all were involved in humeral elevation. This is consistent with the work of Howell et al.,8 who used isolated paralysis of the suprascapular and axillary nerves. They found essentially equal torque contributions from the deltoid and the supraspinatus/infraspinatus complex in forward Basmajian and Bazant' found that the infraspinatus and teres minor generally exhibited synchronous firing. Similarly, in our study, the top three qualifiers were the horizontal abduction exercises and external rotation in both of these muscles. Blackburn et al. also found the horizontal abduction exercises in external rotation to be a valuable exercise for the infraspinatus and teres minor. The infraspinatus had additional exercises fulfilling the criterion. These included elevation in the frontal, sagittal, and scapular planes. This suggests that the infraspinatus may also play a valuable role in force coupling with the deltoid for joint stabilization.
The top exercises for the subscapularis included those primarily involved with elevation (scaption in internal rotation, military press, flexion, and abduction). Interestingly, internal rotation, which is commonly used in rehabilitation programs for anterior instability and selective subscapularis strengthening, was not among its leading exercises.
Press-up was the leading exercise for both the pectoralis major and the latissimus dorsi. These muscles primarily function as depressors, essential for manual transfers and crutch ambulation. This is consistent with the findings of [209] [210] [211] [212] [213] [214] [215] [216] [217] [218] 1991) . This study showed a significant loss of strength at 3 megarads, whereas no significant alteration occurred following 2 megarads of radiation.
